Introduction
Sjögren's syndrome (SS) is a systemic autoimmune disease characterized by lymphocytic infiltration and dysfunction of the exocrine glands, mainly the salivary and lacrimal glands, resulting in dry mouth and dry eye syndrome due to glandular hyposecretion. 1, 2 Because the pathogenesis of SS involves lacrimal insufficiency, it has conventionally been classified as a major etiology of aqueous tear-deficient dry eye (ATDE). 1 The ophthalmic treatment of SS remains largely focused on the alleviation of symptoms of ocular dryness using replacement therapy in the form of artificial tear substitutes 3, 4 and/or topical immunomodulators, such as cyclosporine.
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epitropoulos et al SS patients may manifest signs consistent with meibomian gland dysfunction (MGD) 5 along with their ATDE and may do so with a degree of severity high enough to considerably worsen ocular surface health. 6, 7 Desiccation stress of the ocular surface and adnexa may explain, in part, why patients with SS manifest MGD. 8 The increased evaporation of the aqueous component of the precorneal tear film that accompanies MGD-associated lipid layer deficiency may further challenge an already ATDE condition. A review of literature reveals that the meibomian glands of patients with SS were impaired more severely than the glands of dry eye patients without SS. 7 Evaporation rates were shown to be significantly higher in the ATDEs of SS patients than in patients with non-SS ATDEs. 6 This concurrence of MGD with ATDE may help to explain why SS patients experience less than optimal improvement in symptom relief using conventional therapy of lacrimal output alone. 3 As MGD will frequently present as part of the ocular condition of SS patients, optimal long-term management of the ocular surface health of SS patients may involve not only conventional treatment of lacrimal output, such as the use of topical cyclosporine, 4 but may also now include treatment efforts that target meibomian gland function. To date, there is no report on the benefit of treatments directed toward "rehabilitating" the meibomian glands to improve their function as part of the overall therapeutic approach to restore the health of the ocular surface in SS patients. 7, 9 The core therapeutic approach for the treatment of obstructive MGD is to relieve the obstruction in the meibomian glands. [10] [11] [12] Conventional treatments have included warm compresses for front surface lid warming and lid massage, but do not address obstruction of the meibomian glands. 12 In the authors' experience, these are supportive therapies that are best offered after obstruction has been addressed. While there is a long history supporting the benefits of forceful manual gland expression, 13 a vectored thermal pulsation system (LipiFlow, TearScience Inc., Morrisville, NC, USA) is an innovative, automated method, which overcomes the limitations of conventional methods and offers an effective treatment for meibomian gland obstruction.
12 LipiFlow safely delivers a therapeutic level of heat to the palpebral surfaces of the upper and lower eyelids directly over the meibomian glands, 11, 14 while graded pulsatile pressure simultaneously evacuates the meibomian glands during heating. 11, 14, 15 Several studies have shown that a single 12-minute LipiFlow treatment can be effective in relieving obstruction, returning function to meibomian glands, and thereby improving evaporative dry eye (EDE) symptoms.
10-12,14,16-19 What has not been studied is the effect of LipiFlow thermal pulsation treatment on dry eye in SS, classically described as consisting purely of a deficiency in volume of ATDE. 20 The purpose of this study is to measure the effects from a single vectored thermal pulsation treatment of the meibomian glands on dry eye signs and symptoms in patients who tested positively versus negatively for novel SS biomarkers with the Sjö test. Of the 76 patients, data of 17 patients (17 eyes) were not available at the postprocedure 8 weeks' follow-up; therefore, a total of 59 patients (102 eyes), of which 45 were females and 14 were males with mean age 62±13.8 years (range: 19-94 years), were included in the analysis. The study was approved by the ethics committee of the Mount Carmel IRB, Columbus, OH, USA. All research components adhered to the tenets of the Declaration of Helsinki and were conducted in agreement with human research regulations and standards. Patient consent was not required due to the retrospective nature of the study.
Methods
Patients were tested for SS using the Sjö test 21 (Nicox, Bausch and Lomb, Rochester, NY, USA). The Sjö test is a commercially available diagnostic blood test designed to allow for early detection of SS with novel biomarkers (salivary gland protein-1, parotid secretory protein and carbonic anhydrase 6) along with the traditional biomarkers of SS (SS-A/Ro, SS-B/La, antinuclear antibody and rheumatoid factor). posed an increased risk of procedure-related injury (eg, active ocular infection or inflammation in either eye); history of ocular surgery or trauma within the last 3 months; ocular surface abnormality potentially compromising corneal integrity in either eye (eg, prior chemical burn, recurrent corneal erosion or corneal epithelial defect); eyelid abnormalities affecting lid function in either eye.
The LipiFlow consists of a disposable ocular component and a nondisposable control system. The disposable component comprises an insulated lid warmer with an eye cup. The lid warmer includes a scleral shell designed to rest on the sclera and vault the cornea. The concave side of the scleral lens is composed of an insulating material, which, in addition to the air gap created by the corneal vault, shields the cornea and ocular surface from exposure to the heat. The convex side of the scleral lens contains an embedded precision heater that heats the palpebral conjunctiva overlying the upper and lower lid meibomian glands. The eye cup contains an inflatable air bladder that rests over the closed eyelids once the scleral lens has been inserted.
The 12-minute therapeutic procedure includes an initial heating phase followed by pulsating pressure, which serves to evacuate any heated softened material from the glands. The bladder inflates and deflates in such a way so as to massage the eyelids from the terminal end of the meibomian gland in the direction of the meibomian gland orifices.
study parameters
The outcome measures used to evaluate the effectiveness of the LipiFlow ® treatment were the MGS score, subjective dry eye symptoms using SPEED questionnaires and tear breakup time (TBUT).
MGS was standardized using a handheld instrument, Meibomian Gland Evaluator, which applies pressure approximating that of a deliberate blink over the meibomian glands along the distal eyelid, subjacent to the eyelash line. A total of 15 glands were evaluated along the lower eyelid margin, consisting of five consecutive glands located in each of the temporal, central and nasal regions. For each of the 15 glands, characteristics of the expressed gland contents were graded on a scale of 0-3 where 0= no secretion, 1= inspissated/filamentary secretion, 2= cloudy liquid secretion and 3= clear liquid secretion. The total MGS score (range: 0-45) was calculated as the sum of the grades for all 15 glands. 11 The SPEED 22 questionnaire assesses the frequency and severity of dry eye symptoms over the last 3 months. The total SPEED score is the sum of the frequency and severity scores for all symptoms over a range from 0 to 28. A lower score represents less frequent and/or less severe symptoms.
TBUT was performed with fluorescein strip moistened with eye wash solution. The TBUT was measured in seconds with a stopwatch. An average of three readings was used for data analysis.
statistical analysis
Statistical analysis was performed using SPSS software (IBM Corp, Somers, NY, USA). Normality of the data was tested using Shapiro-Wilk test. Paired t-test (for normally distributed data) and its nonparametric alternative, Wilcoxon rank test, were used to analyze the outcomes and describe the change from baseline to postprocedure at 8 weeks.
To compare the post-treatment outcomes between Sjögren'spositive and Sjögren's-negative eyes, an independent t-test or its nonparametric alternative, Mann-Whitney U test, was used. A statistically significant difference was based on the level α=0.05.
Results
Twenty-three patients tested positive for novel biomarkers (SS-positive patients) and 36 patients tested negative (SS-negative patients) using the Sjö test. The single 12-minute LipiFlow therapeutic procedure resulted in a significant improvement in signs and symptoms from baseline measurements in both the groups (SS positive and SS negative).
At baseline, all chief parameters, that is, mean MGS, SPEED scores and TBUT scores of both SS-positive and SS-negative patients were equivalent (P=0.163 for MGS; P=0.274 for SPEED and P=0.397 for TBUT). A significant increase in the MGS was observed from pretreatment level to the 8 weeks' post-treatment in both SS-positive (P,0.001) and SS-negative (P,0.001) patients (Figure 1 ). However, 
Discussion
LipiFlow is an automated thermodynamic pulsatile therapeutic procedure, which has been shown to improve meibomian gland function. 12, 19 The single, 12-minute in-office treatment has been found to be highly effective in the treatment of MGD-associated EDE by increasing meibomian gland function, thereby improving TBUT, tear film stability and reducing dry eye symptoms. [10] [11] [12] 14, [17] [18] [19] The results of the procedure in this study were similarly effective in significantly improving the signs (MGS score and TBUT) and symptoms (SPEED score) at 8 weeks' post-treatment as compared to the baseline levels in both SS-positive and SS-negative patients.
SS is an autoimmune disease primarily affecting the exocrine glands, including the lacrimal glands; the resultant effect is a decrease in the production of tears leading to ATDE. 1, 23 Generally, the clinical management of SS-related dry eye remains focused on therapeutic options to address the aqueous component of the tears, such as the instillation of artificial tears, topical cyclosporine A, corticosteroids, punctal occlusion, and so on. 24 However, a thorough review of literature reveals that SS is frequently associated with MGD. 6, 7 It has been documented previously that the incidence of meibomian gland dropout and the tear evaporation rates is significantly higher in SS-associated ATDE patients than non-SS dry eye patients. 6, 7 This concomitant occurrence of MGD in SS dry eye patients will likely result in the worsening of dry eye symptoms by causing increased tear evaporation of already deficient aqueous component and consequent ocular surface desiccation. 7 The complementary role of aqueous and lipid components of tear film is most apparent in mixed forms of dry eye; 25 for example, if excessive evaporation is controlled in eyes with low lacrimal secretions, the eye may be able to maintain a healthier tear osmolarity. 26 Therefore, in patients with presumed SS and MGD, management of MGD is fundamental in reducing the SS-related dry eye symptoms. Curiously, the detection and treatment of MGD in SS have not been explicitly recommended in the vast majority of even the most recent publications pertaining to the management of SS-associated dry eye. 24, 27 In a single recent review article on the management of SS patients, Foulks et al mentioned that it is important to evaluate and manage lid margin health (specifically suggesting LipiFlow for MGD) since MGD can and will contribute to symptoms of discomfort in SS patients. 28 The recommendation for LipiFlow was based on the understanding that the gland contents need to be evacuated in order to rehabilitate gland function. This study demonstrated that LipiFlow treatment was effective in improving the dry eye symptoms not only in SS-negative but also in SS-positive patients with MGD. The mean value of post-treatment SPEED score, TBUT and MGS score improved significantly in both SS-positive and SS-negative patients as compared to the baseline levels. In addition, comparisons between the eyes of SS-positive and SS-negative patients revealed significantly better outcomes in the SS-negative eyes in post-treatment MGS (SS-negative versus SS-positive eyes, P-value =0.021). It is possible that the higher meibomian gland dropout in SS-positive patients, as reported previously by Shimazaki et al, 7 may be responsible for the comparatively smaller improvement of MGS in SS-positive eyes. However, future studies utilizing meibography are needed to validate this hypothesis.
It is important to note that all patients in this study were already being treated with tear substitutes, nutritional supplements and other therapeutic options for ADDE, but continued to demonstrate signs and symptoms of dry eye disease (high SPEED scores, pretreatment). The LipiFlow treatment was performed as an add-on treatment and the individualized dry eye therapy continued post-LipiFlow as well. A significant improvement in MGS, TBUT and SPEED scores with add-on LipiFlow treatment is in alignment with the current knowledge that to optimize the health of the ocular surface, meibomian gland function must be rehabilitated.
As we have used Sjö test as the only criterion for the screening of SS, there might be some false-positive and false-negative results of the test, which may have led to some inaccuracies in the analysis. This may be considered as a potential limitation of this study.
Patients with SS should be evaluated for the presence of concomitant MGD, and if present, treatment should be considered. The results of this study indicate that "add-on" LipiFlow treatment in patients who were SS-positive for novel biomarkers of SS and who had concomitant MGD demonstrated significant improvement in signs and symptoms of dry eye, although the improvement in MGS scores of SS-positive patients was lower than that observed in SS-negative patients.
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